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Abstract
The purpose of the study was to examine the effects of forest disturbance on seasonal changes in soil temperature 
in the Tatra Mountains (Poland). In the years 2015–2020 soil temperatures were measured at a depth of 20 cm on 
north- and south-facing mountain slopes in a catchment where forest was disturbed by hurricane-force winds in 
2013 and in a control neighboring woodland catchment. The effect of forest disturbance was manifested first and 
foremost in an increase in the soil temperature during the summer months – average by 1.8 to 2.4 °C on a south-facing 
mountain slope – and by about 1 °C on a north-facing slope. The buffer effect of forest on soil temperature can be 
observed via lower coefficients of correlation between soil temperature and air temperature in a woodland catch-
ment versus a disturbed catchment in the summer. In the winter, the effect of forest disturbance on soil temperature 
was less pronounced than in the summer. Small differences in soil temperature in the winter between the woodland 
catchment and the disturbed catchment were associated with the presence of snow cover and its capacity to yield 
thermal insulation. Good insulation of the soil from the atmosphere generated by snow cover yielded a very weak 
relationship between soil temperature and air temperature in the winter. In springtime the soil temperature increased 
the fastest on a south-facing slope in the disturbed catchment while in the autumn season, soil temperatures declined 
most rapidly on a slope facing north in the disturbed catchment. 
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1. Introduction
The increase in air temperature observed across the Earth 
in the last few decades (Allen et al. 2018) is a cause of the 
rise in soil temperature. This pattern was examined in 
studies in the United States, where the soil temperature 
at most of nearly 300 stations has shown a trend of warm-
ing in the last 35 years, with the average warming rate 
at 0.38 °C per 10 years (Hu & Feng 2003). The increase 
in soil temperature and the associated soil drought have 
served as the cause of forest disturbance in many parts 
of the world over the last few decades (Allen et al. 2010; 
Anderegg et al. 2012; Martinez-Vilalta 2012; Steinkamp 
et al. 2015). Forest disturbance as well as deforestation 
drive an array of feedback mechanisms. For example, 
they generally lead to a continuous increase in the soil 
temperature primarily due to an increase in near-ground 
solar radiation (Anderegg et al. 2012). The rise in soil 
temperature due to forest disturbance and deforestation 
triggers changes in the functioning of ecosystems. Water 
circulation patterns in catchments change mostly due 
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to an increase in evaporation and decline in transpira-
tion during low flow periods (Likens et al. 1970; Jewett 
et al. 1995; Anderegg et al. 2012). However, according 
to Gholami (2013), Hlásny et al. (2015) and Khaleghi 
(2017), deforestation causes increase in peak discharge 
and runoff volume during rainfall events. Forest distur-
bance along with the soil warming leads to changes in 
carbon cycling (Davidson & Janssens 2006; Allen 2009), 
as does nutrient cycling (Anderegg et al. 2012) and soil 
respiration (Londo et al. 1999; Schlesinger & Andrews 
2000; Ney et al. 2019). 
Most studies indicate that forest disturbance and 
deforestation cause a marked rise in soil temperature dur-
ing the summer months (Donnelly et al. 1991; Bhatti et 
al. 2000; Hu et al. 2003; Moroni et al. 2009) and minor 
changes in the winter months (Donnelly et al. 1991; 
Hashimoto & Suzuki 2004; Moroni et al. 2009). How-
ever, Whitson et al. (2005) measured distinctly higher 
soil temperatures at harvested sites than at forest sites 
during snowmelt. Iwahana et al. (2005) also argue that 
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clear-cutting enhances ground thawing and the depth of 
the soil active layer in areas underlain by permafrost, for 
example in the eastern Russian region of Siberia.  Snow 
cover also plays an important role in seasonal changes in 
soil temperature. The depth of snow together with snow 
thermal conductivity play a key role in snow thermal 
insulation, as noted by Iwahana et al. (2005), Mellander 
et al. (2005) and Hu et al. (2013). Work by Mellander et 
al. (2005) showed that the nature of tree stands deter-
mines the thickness of snow cover in a woodland area. For 
example, an open tree stand together with a low surface 
area covered by its canopy ultimately result in thicker 
layers of snow. 
The purpose of the present study was to investigate 
the effect of forest disturbance triggered by natural causes 
– such as a hurricane-force wind – on seasonal changes in 
soil temperature in a mountain region where tree stands 
are dominated by spruce. An increase in soil temperature 
after forest disturbance was expected; however, the key 
questions were the following: (i) What was the magni-
tude of the increase? (ii) How does slope exposure affect 
this magnitude? These are important questions today, as 
forest disturbance may increase soil warming caused by 
global climate warming. Despite the availability of sev-
eral global soil surface temperature databases based on 
satellite products, according to Cassardo et al. (2018), 
there is still a lack of observational data on soil tempera-
ture profiles, especially for the root layer zone. 
Initial research work focused on a comparison of soil 
temperature in a catchment where forest was disturbed 
by hurricane-force winds in 2013 and soil temperature in 
a neighboring undisturbed woodland catchment. In the 
course of the research a unique opportunity presented 
itself. It became possible to directly examine the effects of 
forest disturbance on soil temperature in the same catch-
ment. Spruce stands in a woodland catchment experi-
enced an attack of the bark beetle in 2018. In the following 
year the stands were partly overturned by high winds. 
2. Material and methods
2.1. Study area and meteorological conditions
The research study was conducted in two small sub-
catchments: (1) disturbed catchment, and (2) control 
woodland catchment (Fig. 1). Both sub-catchments are 
located in the Kościeliski Potok catchment area in the 
Polish part of Western Tatra Mountains, which is pro-
tected as Tatra National Park. The woodland catchment, 
called the Kończysta Turnia, has a surface area of 14.1 ha, 
while the disturbed catchment, called Pośrednia Kopka, 
has a surface area of 14.4 ha. The woodland catchment 
is located at elevations ranging from a minimum of 968 
to a maximum of 1,264 m. The disturbed catchment is 
found at elevations in the range from 940 m to 1,200 m. 
The mean gradient of the woodland catchment is 30.1°, 
and that of the disturbed catchment is 23.6° (Żelazny et 
al. 2018). Both catchments are fragmented by narrow, 
deep V–shaped valleys, and are formed of sedimentary 
rocks: limestone, sandstone, conglomerates. These par-
ent material rocks are covered with Rendzic Leptosols 
(Skeletic) and Haplic Cambisols (Eutric) (Skiba et al. 
Fig. 1. Study area in 2008 and 2014.
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2015). These soils are most often 40 to 60 cm deep. Soils 
found in the woodland catchment are characterized by 
the occurrence of horizon O (1–5 cm), while soils found 
in the disturbed catchment lack this horizon (Żelazny et 
al. 2018). In both catchments the mineral horizons are 
formed of silt loam (USDA classification); however, the 
A horizon is characterized by a higher proportion of sand 
than lower horizons (Table 1).
The study area is located in a temperate climate zone – 
in a moderately cool climate zone (Hess 1965). According 
to Żmudzka et al. (2015) the mean annual air tempera-
ture ranges from 4 °C at lower elevations to 6 °C at high 
elevations. In the study period (2015–2020) the warmest 
months of the year were June, July, and August when the 
mean monthly air temperature exceeded 10 °C (Fig. 2a). 
The coolest months of the year when the mean monthly 
air temperature decreased below 0 °C were usually 
December, January, and February. The warmest winters 
Table 1. Texture and carbon (C) content in mineral horizons of the soils in the studied disturbed and woodland catchments – data 
source: Żelazny et al. (2018).
Disturbed catchment Woodland catchment
Soil horizon Depth [cm]
C Sand Silt Clay Texture* Soil horizon Depth [cm]
C Sand Silt Clay Texture*[%] [%]
A 0–4 6.89 24 64 12 Silt loam A 0–6 6.66 29 60 11 Silt loam
AB 4–19 3.98 8 74 19 Silt loam B 6–40 1.45 0 83 17 Silt loam
BCa 19–40 2.19 0 82 18 Silt loam BCa 40–60 1.85 0 84 16 Silt loam
*according to United States Department of Agriculture.
Fig. 2. Meteorological characteristics of study period: monthly air temperature (a), precipitation (b) and snow depth (c).
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in the study period occurred in late 2015 and early 2016 
as well as late 2019 and early 2020 (Fig. 2a). According 
to Ustrnul et al. (2015), the mean annual atmospheric 
precipitation total in the study area ranges from 1,200 
mm at lower elevations to 1,600 mm at high elevations. 
In the study period the highest atmospheric precipita-
tion totals were recorded in the summer months (Fig. 
2b). Snow cover appeared usually in October or Novem-
ber and melted in April or May. The largest snow depth 
was noted usually in December, January, and February, 
reaching usually more than 20 cm. Exceptionally small 
snow cover depths were noted in the winter of 2015/2016 
(Fig. 2c).
Originally, the study area was occupied by Dentario 
glandulosae-Fagetum, dominated by beech (Fagus syl-
vatica L.), fir (Abies alba L.), and spruce (Picea abies 
L.). The trees were felled at the end of the 19th century 
and monocultures of spruce were planted at the begin-
ning of the 20th century (Szwagrzyk et al. 2019). The 
share of spruce in the studied stands exceeded 90% 
while the share of fir and beech did not exceed 10% 
(Bodziarczyk et al. 2019). Until December 2013 about 
93% of the Kończysta Turnia catchment was covered 
with forest, while almost 100% of the Pośrednia Kopka 
catchment was forestland (Fig. 1). The age of the for-
est ranged from 85 to 150 years. In December 2013 the 
Pośrednia Kopka catchment experienced hurricane-force 
winds felling 97% of its tree stands (Fig. 1). The maxi-
mum hourly average wind velocity during the windthrow 
event was 29 m/s (Strzyżowski et al. 2016). In the same 
time period, only 13% of the forest in the Kończysta Tur-
nia catchment became disturbed (Żelazny et al. 2018). 
Some of the fallen trees lying across the hillslopes in the 
lower and central parts of the Pośrednia Kopka catch-
ment area were removed in 2014–2015. Fir and beech 
seedlings were planted in a part of this area in 2015. 
Research work performed in 2018 showed that 23% of 
the disturbed area of the Pośrednia Kopka catchment was 
experiencing a succession of bush vegetation and juve-
nile trees (Żelazny et al. 2018). Vaccinium myrtillus L., 
Rubus idaeus L.,  Athyrium distentifolium, Sorbus aucu-
paria L., Calamagrostis villosa, Deschampsia flexuosa 
L., Homogyne alpina L., and Oxalis acetosella L. are the 
most common species, which have emerged in the dis-
turbed area (Szwagrzyk et al. 2019).  The same study also 
showed that in 2018 almost 50% of the forested area in 
the Kończysta Turnia catchment experienced an attack of 
the bark beetle. In 2019 a large percentage of trees on the 
south-facing slope of the woodland catchment became 
felled by high winds present in the area. 
2.2. Methods of measurements 
Soil temperature probes (Decagon ECH2O 5TM) were 
installed at two sites in each of the studied catchments. 
The WN and WS sites located in the studied woodland 
catchment represent north-facing and south-facing 
woodland hillslopes, respectively. The studied DN and 
DS sites located in the disturbed catchment represent 
north-facing and south-facing disturbed hillslopes, 
respectively. Soil temperature probes were installed in 
the mineral soil horizons at a depth of 20 cm. The 20 
cm depth was chosen to ensure that the probes will be 
installed in the mineral and not the organic horizons of 
the soil. The probes were placed at an elevation of roughly 
900 m (Fig. 1). The technical specifications of the Deca-
gon ECH2O 5TM probes: range from −40 to 60 ºC, reso-
lution at 0.1 ºC, ±1 ºC. Soil temperature measurements 
were collected every 10 minutes. The first probes were 
installed in October 2015 on a north-facing slope in the 
woodland catchment (WN site) and on a south-facing 
slope in the disturbed catchment (DS site). In April 2017 
probes were installed on a north-facing slope in the dis-
turbed catchment (DN site), while in June 2017 probes 
were installed on a south-facing slope in the woodland 
catchment (WS site). The probes experienced failures 
several times during the study period, which explains 
gaps in the data set used in the study. 
Meteorologic data were obtained from weather sta-
tions run by the Institute of Meteorology and Water Man-
agement in Poland. The weather stations were located in 
the vicinity of the study areas examined. Air temperature 
data measured at a height of two meters above ground 
level were obtained from the Polana Chochołowska sta-
tion, which is located about 6 km away from the stud-
ied catchments, and found at 1,147 meters of elevation. 
Atmospheric precipitation data and snow cover data were 
obtained from the Kiry-Kościelisko station located about 
1 km away from the studied catchments at an elevation 
of 933 meters. 
Monthly soil temperature analyses were performed 
only for months with a complete set of data for particular 
study site. The coefficient of correlation for mean daily 
soil temperature data for the 4 study sites with respect 
to mean air temperature data was calculated only for 
months with a complete data set from all the study sites. 
The Pearson correlation coefficient (r) was computed. 
Mean daily air and soil temperatures were calculated 
using row data. Statistical analyses were performed in 
Statistica 1.3 software. 
3. results
The largest differences between the highest and the low-
est values of the soil temperature over the course of the 
year were noted on the south-facing slope in the disturbed 
catchment (DS site), while the smallest were noted on 
the north-facing slope in the woodland catchment (WN 
site) (Fig. 3). In summer months (June to August) the 
soil temperature at the DS site usually exceeded 15 °C – it 
ranges from about 12.5 °C up to 20 °C in summer 2017. 
Soil temperatures were lower during the same period of 
time on the south-facing slope in the woodland catch-
ment (WS site), where usually did not exceed 15 °C. Soil 
temperatures in the summer on north-facing slopes in the 
woodland and disturbed catchments usually ranged from 
10 to 15 °C – exceeding the latter only in selected cases. 
Soil temperatures decreased below 5 °C in all the studied 
catchments in wintertime, but did not normally fall below 
0 °C. Only the soil temperature at the DS site decreased 
below 0 °C in the winter of 2015. Soil temperatures in 
the spring and autumn months usually ranged from 5 
to 10 °C (Fig. 3). 
The smallest monthly differences in soil temperature 
occurred in all the studied sites in the wintertime, as evi-
denced by the monthly interquartile range and monthly 
maximum-minimum range (Fig. 3). Larger monthly dif-
ferences in the soil temperature in spring, summer, and 
autumn in both catchments occurred on south-facing 
slopes (vs. north-facing), with the largest monthly dif-
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ferences in soil temperature noted at the DS site. The rela-
tionship between mean daily soil and air temperatures for 
a given month was stronger for south-facing slopes (DS 
and WS sites) than north-facing slopes (DN and WN 
sites). The strongest relationship was noted for the DS 
site and weakest for the WN site (Table 2). This relation-
ship was strongest for all sites in the summer months and 
weakest in winter. 
A comparison of soil temperature measured at the 
same time on south-facing slopes in the disturbed and 
woodland catchments (DS site vs. WS site) showed that 
in 2017 and early 2018 (January to March, lack of data 
for DS for subsequent months) the soil temperature at 
the DS site was much higher than at the WS site. Mean 
monthly soil temperatures in summer (June to August 
2017) were from 1.8 to 2.4 °C higher at the DS site than 
the WS site (Table 3). These differences were smaller in 
the winter. This pattern changed in 2019 when soil tem-
peratures were often higher at the WS site than the DS 
site, especially in the summer (Fig. 4), and mean monthly 
soil temperatures at both study sites were comparable 
(Table 3). A comparison of soil temperatures measured at 
the same time in both catchments on north-facing slopes 
(DN site versus WN site) showed that soil temperatures 
in the summer were higher at the DN site versus the WN 
site, while in the winter the situation was just the opposite 
– higher soil temperature values were noted for the WN 
site versus the DN site. This pattern was evidenced by 
mean monthly soil temperature data (Table 3). 
Table 2. The Pearson correlation coefficient (p ≤ 0.05) be-
tween mean daily soil temperature and mean daily air temper-
ature for four studied sites: DS – south-facing slope of the dis-
turbed catchment, DN – north-facing slope of the disturbed 
catchment, WS – south-facing slope of the woodland catch-
ment, WN – north-facing slope of the woodland catchment 
(ns – not significant).
Year / month DS DN WS WN
2017 / June 0.804 0.614 0.833 0.645
2017 / July 0.845 0.644 0.758 0.443
2017 / August 0.874 0.618 0.748 0.487
2017 / September 0.774 0.628 0.707 0.572
2017 / November 0.565 0.516 0.657 0.502
2017 / December ns -0.392 ns −0.395
2018 / January 0.479 0.375 0.444 ns
2018 / February 0.765 ns 0.475 0.773
2018 / March 0.571 ns ns −0.389
2019 / February ns ns ns ns
2019 / March 0.556 ns 0.490 ns
2019 / April 0.788 0.492 0.737 0.441
2019 / May 0.830 0.795 0.802 0.599
2019 / June 0.665 0.525 0.599 0.386
2019 / July 0.798 0.730 0.722 0.602
2019 / August 0.736 0.465 0.694 ns
2019 / September 0.613 0.606 0.652 0.538
2019 / October 0.508 0.421 0.700 0.441
2019 / November ns 0.453 0.508 ns
2020 / January ns ns ns −0.364
2020 / February −0.405 ns ns ns
In the springtime, soil temperatures first begin to 
increase at the DS site, with temperatures higher than 
Fig. 3. Statistical characteristics of soil temperature at four studied sites for each month of the studied period (November 2015 
– February 2020). The above statistics are based on raw data.
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5 °C already in March. At other sites, soil temperatures 
begin to rise later, in April. The situation changed at the 
WS site in 2019 when the soil temperature at this site 
began to rise as quickly as that at the DS site (Fig. 3). A 
decrease in temperature in late autumn and winter below 
5 °C is first observed on north-facing slopes in the studied 
disturbed catchment.
Table 3. Mean monthly soil temperature [°C] at four studied 
sites: DS – south-facing slope of the disturbed catchment, DN 
– north-facing slope of the disturbed catchment, WS – south-
facing slope of the woodland catchment, WN – north-facing 
slope of the woodland catchment.
Year / month DS DN WS WN
2017 / June 14.3 12.0 11.9 10.9
2017 / July 14.8 13.3 12.8 12.2
2017 / August 16.1 13.9 14.3 13.3
2017 / September 12.2 10.3 10.5 10.3
2017 / November 4.5 3.0 3.8 4.1
2017 / December 2.4 1.7 1.9 2.5
2018 / January 1.8 1.2 1.5 1.9
2018 / Fabruary 1.6 1.1 1.0 1.6
2018 / March 2.4 0.8 0.9 1.3
2019 / January 2.3 1.5 1.9 2.5
2019 / Fabruary 2.1 1.3 1.4 2.0
2019 / March 4.0 1.1 2.9 2.2
2019 / April 7.3 2.9 6.2 4.5
2019 / May 8.5 7.2 7.8 6.6
2019 / June 14.6 13.7 14.5 12.4
2019 / July 14.4 13.1 14.4 12.5
2019 / August 15.7 14.2 15.6 13.7
2019 / September 13.2 11.0 12.6 11.2
2019 / October 10.6 7.6 9.9 8.8
2019 / November 7.5 5.3 6.8 6.5
2019 / December 4.3 2.5 3.4 3.9
2020 / January 3.3 1.9 2.1 2.7
2020 / Fabruary 2.9 1.4 2.1 2.1
 
4. Discussion
The effect of forest disturbance on the soil temperature 
at 20 cm depth in the study area is observable first and 
foremost via a rise in the soil temperature in the sum-
mer months. The mean soil temperature in the summer 
months on south-facing slopes in the disturbed catch-
ment is 1.8 to 2.4 °C higher than that in the woodland 
catchment. After partial disturbance on the south-fac-
ing slope of the woodland catchment in 2019, the mean 
monthly soil temperature increased and was comparable 
to that in the disturbed catchment in 2013 (Table 3). The 
soil temperature difference on the north-facing slopes of 
the woodland and disturbed catchments in summertime 
was smaller at about 1 °C (Table 3). Higher soil temper-
atures in disturbed areas versus woodland areas in the 
summertime have been documented by many researchers 
in other parts of the world. The differences in mean soil 
temperatures described by these other researchers for 
the summer months between woodland and disturbed 
areas do vary mostly due to differences in the depth at 
which each measurement was performed. According to 
Paul et al. (2004) soil depth is the most important factor 
aside from other key factors such as air temperature and 
the surface area covered by tree canopies controlling soil 
temperature. Moroni et al. (2009) studied soil tempera-
ture at a depth of 10 cm in Newfoundland in Canada and 
found that the difference in the soil temperature between 
a harvested area and woodland area in the summer sea-
son equals about 2 °C. Bhatti et al. (2000) showed in 
northeastern Ontario in Canada that soil temperature at a 
depth of 5 cm increases in the summer after harvesting by 
4 to 6 °C. According to research by Hu et al. (2013) con-
ducted in a steppe area in Central Asia, the soil tempera-
ture at a depth of 10 cm was higher by 4 to 8 °C relative 
to that in a woodland area in the warm season. Londo et 
al. (1999) studied soil temperature in Texas in the United 
States and found a marked increase in soil temperature 
after deforestation – the measurements were performed 
at a depth of 10 cm in the summer season. The increase in 
soil temperature was larger after clearcutting than after 
partial clearcutting (Londo et al. 1999). 
According to Hashimoto & Suzuki (2004) a marked 
increase in soil temperature following forest clear-cutting 
is associated with an increase in absorbed solar radiation. 
Soils in woodland areas are protected from heating not 
only by trees but also by the organic forest floor situated 
Fig. 4. Relationship between soil temperature (raw data) at DS site and WS site (A), and DN site and WN site (B) taking into 
account all measurements made in 2017 (red points), 2018 (grey points), and 2019 (blue points).
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atop the mineral soil horizons. The forest floor acts as 
a thermal insulator (Bhatti et al. 2000). The presented 
research has shown that an area without trees and an 
organic layer, such as a disturbed catchment, heats up 
more during the summer than a wooded area with an 
organic layer that is 1–5 centimeters thick, as would be 
the case in a woodland area. The buffer effect of forest 
on soil temperature is confirmed by lower coefficients of 
correlation between soil temperature and air temperature 
in a woodland catchment versus a disturbed catchment. 
The effect of forest disturbance on soil temperature 
measured at a depth of 20 cm in the winter months in the 
catchments examined in the present study was weaker 
than that in the summer. Similar conclusions were 
reached by Donnelley et al. (1991) for the northeastern 
United States, Hashimoto & Suzuki (2004) for Japan, 
and Moroni et al. (2009) for Newfoundland (Canada). 
Small differences in soil temperature in the winter 
between the woodland and disturbed areas examined 
in the present study were undoubtedly associated with 
the presence of snow cover and its capacity for thermal 
insulation. The thickness of the snow cover in the study 
period in the winter months usually reached into the tens 
of centimeters (Fig. 2c). The soil temperature is above 
freezing in winter months when mean daily air temper-
atures fall below −5 °C and sometimes below −20 °C. 
Short-term decline in soil temperature below 0 °C on a 
south-facing slope in the disturbed catchment could be 
due to the negligible thickness of snow cover, less than 
10 cm. It is possible that the snow simply melted on the 
south-facing slope in the disturbed catchment. Meng et 
al. (1995) observed that soil frost penetrates deeply into 
deforested wind-exposed soil, e.g. soil without snow 
cover. The relatively good insulation provided by snow 
cover to the soil separating it from the weather above 
yields only a poor correlation between soil temperature 
and air temperature in the winter – unlike that in the sum-
mer months. According to Mellander et al. (2005), snow 
depth together with snow thermal conductivity play an 
important role in the timing of soil warming in winter 
and spring. 
Forest disturbance leads to an increase in the differ-
ence in soil temperature over the course of the year. On 
south-facing slopes, this is caused by a very large increase 
in soil temperature in the summer; in the winter months, 
soil temperatures are generally somewhat higher than 
those in the woodland catchment. However, on north-
facing slopes, this is caused by a small rise in the soil 
temperature in summer and a small decline in winter. 
The presented research has confirmed the assertion by 
Hu et al. (2013) that the forest buffers the soil tempera-
ture by lowering the soil temperature during the warm 
season and increasing it during the cold season; however, 
this is only true of north-facing mountain slopes. What is 
puzzling is the phenomenon of higher soil temperatures 
on south-facing slopes in winter in the disturbed catch-
ment versus the woodland catchment. This is most likely 
due to increased solar radiation in disturbed areas versus 
woodland areas, as shown by larger diurnal changes in 
the soil temperature on a south-facing slope in a dis-
turbed catchment versus all other measurement sites 
(unpublished data). 
Soil temperatures rise in spring (>5°C), as early 
as March, in the disturbed catchment on south-facing 
slopes. At all other measurement sites, soil temperatures 
begin to increase only in April. Hu et al. (2013) studied 
soil temperature in Central Asia and observed that the 
spring thawing of soils occurs two weeks earlier in tree-
less areas (i.e. steppe) versus woodland areas. On the 
other hand, Whitson et al. (2005) studied soil tempera-
tures in southwestern Canada and learned that land cover 
(harvested sites vs. forested sites) does not determine the 
timing of the spring soil thaw. Instead, slope exposure 
is the determining factor: the soil profiles of southerly 
aspect began thawing in mid-April, while those with 
northerly aspect in the latter half of May (Whitson et 
al. 2005). The presented research has shown that both 
land cover and slope exposure determine the timing of 
increases in soil temperature in spring. On south-facing 
slopes in disturbed areas, the snow cover disappears 
more rapidly than that on north-facing slopes as well as 
on woodland slopes. Soil on a disturbed, south-facing 
slope becomes devoid of snow earlier, on the one hand, 
and is not yet covered by young grass and bushes on the 
other. The lack of thermal insulation leads to increase the 
absorbed solar radiation triggering a rise in soil tempera-
ture. Mellander et al. (2005) assert that in years with thin 
snow cover there was the largest variation in the timing 
of soil warming (when soil temperature reaches 5 °C) in 
spring between stands of different age. In autumn, soil 
temperatures examined in the present study fall the earli-
est on north-facing slopes in the disturbed catchment due 
to both less absorbed solar radiation than on south-facing 
slopes and the absence of the buffer effect of forest. 
The presented research represents a small step 
towards a better understanding that forest disturbance 
may lead to dangerous feedback loops in the atmos-
phere, pedosphere, and biosphere. The increase in soil 
temperature caused by forest disturbance will result in 
an increased release of greenhouse gases from the soil 
into the atmosphere. Soil temperature is a very impor-
tant factor shaping methane emissions (Mikkela et al. 
1995) and soil respiration – soil CO2 efflux (Davidson et 
al. 1998; Subke et al. 2003; Uvarov et al. 2006; Tang et 
al. 2008). For example, Hick Pries et al. (2017) noted an 
increase in CO2 loss of 34% to 37% from the first meter of 
the top mineral soil horizon with a rise of 4ºC in soil tem-
perature. The increase in greenhouse gas emissions will 
induce an increase in air temperature, which will result 
in a further increase in soil temperature and further tree 
mortality. Ney at al. (2019) note that forest management 
practices enacted following a natural forest disturbance 
are becoming an increasingly important part of climate 
change mitigation strategies.  
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5. Conclusions 
The effect of forest disturbance triggered by hurricane-
force winds on soil temperatures at a 20 cm depth in the 
Western Tatras in Poland is marked by an increase in the 
difference in the soil temperature over the course of the 
year. This is due first and foremost to a marked increase in 
soil temperature during the summer months. The mean 
soil temperature in the summer months on south-facing 
slopes in the studied disturbed catchment was 1.8 to 
2.4 °C higher than that in the studied woodland catch-
ment. On north-facing slopes, the difference in the soil 
temperature between the woodland catchment and dis-
turbed catchment in the summer months was smaller at 
about 1 °C. The presented research has confirmed the 
presence of the buffer effect of forest on soil temperature 
in summer, which is manifested by lower coefficients of 
correlation between soil temperature and air temperature 
in the woodland versus disturbed catchment. 
The effect of forest disturbance on soil temperature 
in the winter months is less pronounced than in the 
summer months. This is associated with the presence of 
snow cover that acts as a thermal insulator. In the winter 
months (December-February) snow cover depth usually 
exceeds 20 cm in the studied area. Good insulation of the 
soil from the atmosphere by snow cover leads to a very 
weak relationship between soil temperature and air tem-
perature in winter. The soil temperature on disturbed, 
north-facing slopes in the winter is lower than that on 
woodland, north-facing slopes. This suggests the pres-
ence of a buffer effect of forest on the soil temperature 
that increases the soil temperature during the colder 
season and decreases it in the warmer season, on north-
facing slopes. However, it is puzzling that a south-facing 
slope in a disturbed catchment would exhibit slightly 
higher soil temperatures in winter than those in a wood-
land catchment. This is likely due to increased absorbed 
solar radiation on south-facing slopes in disturbed areas 
versus woodland areas. However, this finding requires 
further research.
The research has shown that land cover (i.e. forest vs. 
lack of forest) and slope exposure (south versus north) 
determine the timing of increases in soil temperature in 
spring and timing of soil temperature declines in autumn. 
In the spring season, soil temperatures increase the fast-
est (in March) on disturbed, south-facing slopes due to 
faster thawing of snow and absence of any vegetation 
such as young grasses or bushes. Given a low level of ther-
mal insulation, one may expect increased absorbed solar 
radiation that leads to a rapid increase in soil tempera-
ture. In the autumn season, temperatures on the studied 
disturbed, north-facing slopes decrease at an earlier date 
than elsewhere due to less absorbed solar radiation than 
on south-facing slopes as well as the lack of the buffer 
effect of forest cover.  
The present study shows that an increase in soil tem-
perature triggered by forest disturbance may significantly 
intensify soil warming caused by climate warming. More-
over, forest disturbance will lead to dangerous feedback 
mechanisms. The increase in soil temperature caused by 
forest disturbance will cause increased emissions of CO2 
from the soil to the atmosphere, which will contribute to 
an increase in air temperature. This will result in a further 
increase in soil temperature and the decline of some tem-
perature sensitive tree stands. In order to minimize the 
soil warming effect triggered by forest disturbance, tree 
seedlings should be planted as soon as possible after for-
est disturbance. Moreover, this type of situation should 
be used to plant stands whose tree species composition 
corresponds to the natural habitat in a given climate zone 
in the mountains. Natural forest stands are believed to 
be more resistant to natural disasters such as hurricane-
force winds or bark beetle invasions than spruce mono-
cultures frequently found in Central Europe.
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